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Nuclear energy is playing a vital role in 
the life of every man, woman, and child in the 
United States today. In the years ahead it will 
affect increasingly all the peoples of the earth. 
It is essential that all Americans gain an 
understanding of this vital force if they are to 
discharge thoughtfully their responsibilities as 
citizens and if they are to realize fully the 
myriad benefits that nuclear energy offers 
them. 

The Unitcd 'States Atomic Energy Com- 
mission provides this booklet to help you 
achieve such understanding. 



THE COVER 

The San Onofre Nuclear Generating Sta- 
tion near San Clemente, California, one 
of the new generation of nuclear power 
plants, with an electrical capacity of 
•130,000 kilowatts. It began commercial 
operation in 1967. (See page 40.) 
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WHY USE NUCLEAR POWER? 

Millions of Americans use electricity derived from 
atomic energy. Millions more of us will light our homes 
and power our appliances with electricity from nuclear 
plants that are now being built. iVnd in the future we, and 
the other peoples of the world, undoubtedly will find that 
nuclear energy is the source of a large portion of our 
electric power. 

What is' behind this pattern of change? Why have we 
entered an era in which nuclear power plants — unknown a 
relatively few years ago — are a commercial reality, pro- 
viding guaranteed performance at attractive cost? To 
answer these questions we must look to the future as well 
as the present. 

In our growing world, our energy needs are growing 
even faster tiian our population. Projected energy require- 
ments for the future suggest strongly that we must employ 
atomic energy to generate electric power or face depletion 
of our fossil-fuel resources — coal, oil, and gas. In short, 
both conservation and economic considerations will re- 
quire us to use nuclear energy to generate the electricity 
that supports our civilization. 
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Until we reach the time when nuclear power plants are 
as common as fossil-fueled or hydroelectric plants, many 
people will wonder how the nuclear plants work, how much 
tliey cost, where they are located, and what kinds of re- 
actors they use. The purpose of this booklet is to answer 
these questions. In doing so, it will consider only central 
station plants^^ which are those that provide electric power 
for established utility systems. 





FROM ATOMS TO ELECTRICITY 

A nuclear power plant is similar to a conventional 
thermal power plant: Each type uses steam to drive a 
turbine generator that produces electricity. The heat energy 
of tlie steam is converted to mechanical energy in the 
turbine, and the generator then converts the mechanical 
energy into electrical energy, or electricity. Although the 
turbine functions equally well no matter where the steam 
comes from, the origin of tlie steam is important to us, 
for it IS here that nuclear and conventional plants differ. 

How is steam produced? Well, conventional plants burn 
coal, oil, or gas, and heat from the combustion of these 
fossil fuels boils water to make steam. In nuclear plants, 
on the other hand, no burning or combustion takes place. 
Nuclear fission is used instead. The fission reaction gen- 
erates heat, and this heat is transferred, sometimes 
indirectly, to the water that produces the steam. Conse- 
quently, it can be said that the fission reaction in a nuclear 
plant serves the same purpose — the generation of heat — 
as the burning of a fossil fuel in a conventional plant. We 
will take a look at nuclear reactor systems a little later, 
but first we should review the fission reaction. 

The fission process requires a particular kind of heavy 
element, such as uranium or plutonium, as a basic ma- 
terial. Let us consider uranium. Natural uranium is a 
mixture of three isotopes, atomic forms that are chemi- 
cally alike but vary in mass. An atom of one of these 
isotopes, uranium-235, can readily undergo fission when a 
free neutron (an energetic subatomic particle) strikes its 
heavy central nucleus. The nucleus breaks into two pieces 
that fly apart at high speed; in addition, two or three new 
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neutrons are released, as illustrated in Figure 1. The 
kinetic energy of the flying fission fragments is converted 
to heat when they collide with surrounding atoms, and the 
released neutrons cause a chain reaction by initiating new 
fissions in other ^^^U atoms. . 



/ 

Nucleus / - 



Fission 
fragment 



-i^O ^'^^ 



Neutron ^■V' ^ "^"^'"^"^ 



\ Figure 1 A typical 

\ Jissio?i reaction. 
Fission 
fragment 



Sustaining the chain reaction is important because more 
tiian 30 billion fissions must occur in one second to re- 
lease each watt of energy. If the chain reaction is to be 
useful, the fissions must occur at a desired rate, and the 
heat that is generated by the process must be removed. 
The job of the nuclear reactor, then, is to provide an 
environment in wliich fission reactions can be initiated, 
sustained, and controlled, and to make possible recovery 
of tlie resultant heat.* 

The essential components of a reactor are: 

— the fuel, which fissions to produce neutrons and to 
release energy; 

— tiie control elements, which are used to set the energy 
release rate; and 

— the cooling fluid, which removes the heat generated 
in the reactor. 

Some of the relationships between reactors and the 
actual production of steam are illustrated in the next 
section, which describes some common nuclear steam- 
supply systems. 
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*For more about fission and the operation of reactors, see Our 
Aiomit Wo) Id ixii^ SucUar Reactors, other booklets in this series. 
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REACTOR TYPES 

If you went into an appliance-store and told a salesman, 
''Tm interested in buying a coffeepot he would probably 
ask, ''What kind?" Depending on your reply, you might be 
shown a percolator, a drip pot, or some other sort of 
coffee maker: Each type brews coffee, but each does it in 
a different way. Reactors, of course, aren't coffeepots, 
but reactors do have a common product — heat — and they 
do come in several types. 

Before we consider the differences in reactors, let's 
take a moment to consider something that has a bearing 
on the development of nuclear power plants in our country. 
This is the fact that our nuclear fuel resources are not 
unlimited. It is obvious that nuclear power plants would 
.not have much of a future if they used up the available fuel 
in a relatively short time. 

What is not so obvious is that among the different types 
of nuclear reactors there are wide differences in tlieir 
net consumption of nuclear fuel. On one end of the scale, 
there are reactors that have a liigh net fuel consumption; 
these are used in most of the commercial nuclear power 
plants operating in the United States today. Next, come 
reactors with a low, but positive, net-^fuel consumption. The 
ultimate reactors, insofar as fuel conservation is con- 
cerned, are those that have 2i negative net fuel consumption, 
which means that they produce more fuel than they use.* 
These are known as breeder reactors and will be popular 
for central station nuclear power plants that begin opera- 
tion in, say, 10 or 20 years. The breeding principle has 

♦Actually, they produce new fissionable material that can be 
processed for use as fuel. 



proved workable, and economically attractive reactors 
must now be developed so that breeder plants can be 
built.* 

In the descriptions tliat follow, we will note the relative 
fuel consumption of each type. What we will see for each 
IS actually the nuclear steam-supply system — that is, the 
components used to produce steam for the power-generating 
portion of the plant, shown in Figure 2. In this portion, 
steam passes through tlie turbine and imparts energy in 
the form of rotary motion to the turbine shaft. The shaft 
turns the generator rotor and produces electric power. 




Figure 2 The f/ouer-gene rating portion of a nuclear poiver plant. 



When the "spent" steam leaves tlie turbine, it e^nters the 
condenser, passes over cooling tubes, and is turned back 
into water. This water is pumped back to the nuclear 
steam-supply system, where tlie cycle starts all over again 
with conversion of the water to high-pressure, high- 
temperalure steam. Figure 2 shows the most common 
method of cooling: Pumping cool water through tlie con- 
denser tubes and back to the source (river, lake, or some 
otlier large body of water). 

• For .1 more detailed discussion of fuel and its use in reactors, 
see Atomic Fuel, a companion booklet in this series. 



The basic components of the power-generating portion 
of a nuclear power plant are tlie same regardless of the 
kind of reactor supplying the heat. 

BoHing-Water Reactors 

The name of this one tells the story. As shown in 
Figure 3, water enters the reactor and is heated as it 
passes up between the elements of nuclear fuel. Soon 
steam collects in the upper portion of tlie reactor and 
leaves through an outlet pipe. The pipes identified as 
"steam" and "water" would be connected to those similarly 
labeled in Figure 2 to form a complete power plant. 



Fi gure Z N uclear stea m - supply 
components in a boiling- water 
reactor. 
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■ Water 



The water and steam in a typical boiling-water reactor 
are kept at a pressure of 1000 pounds per square inch 
(psi); this is equivalent to the pressure at a depth of about 
one -half mile beneath the surface of tlie sea. The pres- 
sure raises the boiling point of the reactor water to a 
high value, so that when steam is produced, its tempera- 
ture and pressure are great enough for efficient use in the 
turbine. 

As you know, the steam from a pot of boiling water on a 
kitchen stove has a temperature of 212'*F. Steam at that 
temperature has too low an energy value for use in a 
turbine. In order to increase the energy, the steam tem- 
perature must be raised. In a reactor, this is done by 
operating it at high pressure. The principle is similar to 
that of a pressure cooker, \yhich cocks food faster because 
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it gets hotter. At the typical boiling- water reactor pressure 
of 1000 psi, the temperature of the steam is about 545 F, 

A nuclear steam-supply system based on a boiling-water 
re ictor may appear relatively simple compared with some 
of the systems discussed and illustrated on the following 
pages. While the boiling- water system has only a few 
principal components, these are much larger than those in 
a pressurized-water system, for example. A central sta- 
tion nuclear power plant with an electrical output of around 
800,000 kilowatts requires a boiling-watei reactor vessel 
(the container that holds the nuclear fuel) about 70 feet 
high by 20 feet in diameter, A pressurized-water re- 
actor vessel for a plant of the same capacity is only about 
40 feet high by 16 feet in diameter. However, there are 
some additional large components in the pressurized-water 
system, so things come out about even on an overall 
component weight basis. 

Boiling-water reactors haye been, built and improved 
over the years, and today they are sold on a commercial 
basis in the United States, Their net nuclear fuel con- 
sumption is high, like tliat of pressurized-water reactors, 
which we will discuss now, 

Pressurized-Water Reactors 

A pressurized-water reactor operates at conditions 
under which tlie water passing through the reactor does 
not boil. Pressure in tlie reactor and the piping loop con- 
nected to it (see Figure 4) is about 2250 psi, or more than 
twice that in a boiling-water reactor. Tins very high pres- 
sure permits the water to be heated to 600^ F without 
boiling. The heated water goes to a steam generator that, 
as the name implies, makes the steam that drives the 
ttirbine. 

In the steam generator, tlie hot reactor water passes 
through tubes that are surrounded by water from the 
turbine portion of the plant; tliis water is at a pressure 
well below that of the reactor water system. The tubes 
containing hot reactor water heat the surrounding water 
and make steam, which goes to the turbine at a tempera- 
ture of about 500 ^F. The reactor water leaving the steam 
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generator has been cooled by giving up some of its heat, 
so It is pumped through the reactor to be heated again and 
start another cycle. 

Steam 

Figure 4 iV ucle a r steam-supply /\\ 
components in a pressurized- . : 

water reactor. j^:':. 




As you can see, a nuclear steam supply that uses a 
pressurized-water reactor consists of two separate water 
systems that meet in the steam generator. The water in 
one system does not mix with that in the other, but heat is 
transferred from the reactor system to tlie steam system. 

More information on pressurized-water reactors is given 
in the next section. 

Gas Cooled Reactors 

The schematic diagram for a gas-cooled reactor in 
Figure 5 bears a strong resemblance to the diagram for a 
pressurized-- water reactor. The principle of operation is 
the same for both types: A working fluid transports heat 
from tlie reactor to the steam generator, where tlie heat 
makes steam for the turbine. 

In a gas-cooled reactor, tlie working fluid is a gab, 
usually helium or carbon dioxide. The gas, at a pressure 
of a few hundred psi, is circulated through the reactor, 
tlie piping, and the steam generator by a blower (fan). 
The blower is an impressive piece of machinery, by the 
way. The energy required to drive the blowers (there 
would be several) for the reactor of an 800,000-kilowatt 
power plant would operate 400,000 20-inch window fans 
like those used in homes. 



The material identified in Figure 5 as "moderator" lias 
not been discussed before. The moderator is a substance 
put in a reactor to slow tlie neutrons and increase tlieir 
effectiveness in causing fissions. In water-cooled reactors 
it is not necessary to add solid moderator components, 



because tlie cooling water serves this purpose. Gas isn't 
a very good moderator, however, so in gas-cooled reactors 
a special material, usually graphite, is built in. 

Grapliite is a natural choice because it can withstand the 
very high temperatures that exist in gas-cooled reactors 
(in some, the gas is heated to nearly 1400 "^F). The high 
operating temperatures are put to good use. Steam as hot 
as about 1000**F is produced; at this temperature and at 
the high pressure that goes with it, the steam can drive a 
very efficient turbine. 

In addition to its high-temperature performance, a gas- 
cooled reactor has tlie desirable characteristic of low net 
fuel consumption; very advanced models, in fact, may be 
able to produce more fuel tlian tliey consume. But, alas, 
all is not good. There are disadvantages, too. Principal 
among tliese is the relatively large-size reactor needed 
for a given rate of heat generation. Gas, unfortunately, 
just doesn't remove heat very well. Consequently, tlie rate 
of heat generation per unit volume of reactor must be 
fairly low to match tlie relatively poor heat-removal 
capability of the gas. 




^ Steam 



Figure 5 N uclc u r steam- 
sapply CO m poti e n i s in a 
gas-cooled reaclor. 




Heavy-Water Reactors 

In most respects, heavy water {D2O) is like ordinary 
water (H2O). (In the formula D2O, the D stands for deu- 
terium, a heavy isotope of hydrogen.) It's really not very 
heavy (heavy water doesn't feel any heavier, if you hold a 
bottle of it, than ordinary water), but the presence of 
deuterium instead of ordinary hydrogen in a reactor has 
pronounced and desirable nuclear effects. There are also 
some pretty strong effects on economics, since D2O costs 
around $28.50 per pound. 

Heavy water is usually used in tube type reactors, in 
which the nuclear fuel is positioned inside process tubes 
that penetrate a tank. The tank contains the heavy water, 
which surrounds the fuel-containing tubes and acts as a 
moderator, much as graphite does in gas-cooled reactors. 
The fuel is in a form that does not occupy all the space in 
the process tubes, so there is room for a cooling fluid to 
flow along the fuel elements and remove the heat that is 
generated. Figure 6 shows the general arrangement of a 
heavy-water reactor. 




Any of several cooling fluids — organic compounds, gas, 
water, or heavy water — can be used in heavy-water re- 
actors, since the heavy- water moderator is separated 
from the cooling fluid by the walls of the process tubes. 



Temperatures in heavy-water reactors depend upon the kind 
of c*.or:ig fluid used, among other things, but steam hotter 
than 70u " F can b3 produced. 

Ill terms of nuclear fuel utilization, the heavy-water 
reactor is an interim type: Its net fuel consumption is 
quite low and it can operate on natural uranium, which 
makes it attractive to use in some countries during the 
period in which designs for economical breeder reactors 
are being developed. 

Breeder Reactors 

Several reactors have a potential for breeding — tliat is, 
for producing more nuclear fuel than they consume — be- 
cause of the materials, or combinations of materials, tliat 
are used to build tliem. 

How does a breeder work? As you recall, a uranium-235 
atom can fission when its nucleus absorbs a neutron. The 
fission reaction releases free neutrons (see Figure 1) that 
may. in turn, initiate other fissions. All the neutrons re- 
leased, however, are not absorbed by fissionable material; 
some are absorbed in the structural material of the 
reactor, the control elements, or the coolant; some escape 
from the reactor and are absorbed by shielding; and some 
are absorbed by/< r//7f materiaL When the nucleus of an 
atom of fertile material absorbs a neutron, the fertile 
atom can be transformed into an atom of a /i>>sioijablc 
malcnal — the substance that forms tlie basis for the 
nuclear chain reaction. By careful selection and arrange- 
ment of materials in the reactor — including, of course, 
fissionable and fertile isotopes — the neutrons not needed 
to sustain the fission chain reaction can fairly effectively 
convert fertile material into fissionable material. The 
breeder reactor improves the efficiency of the neutron 
process both by increasing the number of free neutrons 
released in fission and by decreasing tlia number of neu- 
trons wasted, thereby making a larger number available 
for absorption in fertile material. If, for each atom of 
fissionable material that is consumed, more than one atom 
of fertile material becomes fissionable material, the reac- 
tor is said to be breeding. One fertile material is uranium- 
238, which is always found in nature with fissionable 




uranium-235. When uranium-238 absorbs neutrons it is 
converted to fissionable plutoniuin-239. Another fertile 
material is thorium-232, which can be converted to fis- 
sionable uranium- 233. 

Some of the reactors that are t>osi>ihU breeders may not 
prove capable of breeding in actual practice, but one type 
has already operated successfully in several plants. This 
IS the liquid-metal-cooled breeder reactor shown in Figure 7. 




Figure 7 SucUut i>Uuni~i>iil>^l\ totnlyoncnt^ in a liquid- metal -cooled 
breeder reactor. 



Systems and components for the breeder differ from 
those for other types of reactors. One item we haven't seen 
in the diagrams for other reactors is an intermediate heat- 
transfer loop between the reactor coolant system and the 
turbine water-steam system. Both the primary reactor 
coolant system and the intermediate loop use liquid metal 
because it has excellent heat-transfer and nuclear charac- 
teristics; the metal is usually sodium. Incidentally, the 
idea of a liquid metal should not be startling, for mercury, 
a substance familiar to everyone, is a liquid metal. 

The liquid metal in the reactor is heated to about 
lOQO' F, and then goes to the heat exchanger, where it 
transfers its heat to the liquid metal of the intermediate 
loop. The metal in the intermediate loop moves to the 
steam generator, where it heats water to produce steam 
at about 900^^ F. 



Like other coolants, liquid metal has some desirable and 
some undesirable features. It is good because it does an 
excellent job of neutron conservation and of removmg heat 
and does not have to be used at Iiigii pressure to attain 
high temperatures. The fuel in a liquid- me tal-copled 
breeder reactor can be operated at very high-power 
densities because the heat can be removed rather handily. 
To put it another way, the heat for a power plant of a given 
capacity can be supplied by a liquid-metal-cooled breeder 
reactor that is much smaller than any other reactor that 
could do the job. 

One of the undesirable features about liquid metal is its 
tendency to react chemically. For example, there is a 
strong reaction whenever liquid metal comes in contact 
with water or steam, and if a leak occurs in a steam 
generator that contains liquid metal an intense reaction 
results. To isolate the reactor from any possible difficulty, 
liquid-metal-cooled reactors are provided with the inter- 
mediate heat-transfer loop. This extra loop, of course, 
adds to the cost of the plant. 

We have now taken a quick tour through the common 
reactor systems and have noted a few characteristics of 
each. In the next section, we will explore one kind of 
nuclear power plant in detail. 






TYPICAL PLANT DESIGN FEATURES 

If you want to know more about the sizes, shapes, fea- 
tures, and relations :ups of components in a nuclear power 
plant, then this section is for you. 

We will look closely at a plant typical of some being 
bought and built by utility companies today. The choice of 
a reactor for our "typical" plant is an arbitrary one: It 
uses a pressurized- water reactor, but other reactor types, 
equally successful, might have been chosen, as they have 
by many utilities. Our plant will produce about 800,000 kilo- 
watts of electric power and will have taken around 4 years 
to construct. 

A flow diagram for our installation is shown in Figure 8; 
this diagram is basically a combination of Figures 2 and 4. 
Although only one reactor coolant loop is shown for sim- 
plicity, numbers indicate where two other parallel loops 
begin and end. A reactor of this size requires more than 
one primary loop principally because of limitations in the 
capacities of pumps and steam generators. 

The parallel steam pipes from the three steam gen- 
erators are joined into a single, larger pipe that is con- 
nected to the high-pressure turbine. The steam flows into 
the turbine and gives up some of its energy to turn a 
shaft; it cools, drops in pressure, and forms some mois- 
ture. Leaving the high-pressure turbine, the steam passes 
through a moisture separator and enters the low-pressure 
turbine. Here the steam pressure drops still more, im- 
parting additional energy to the shaft. The shaft turns the 
generator, which produces the electric power. 

The steam — its usable energy by now pretty well ex- 
hausted — moves on to the condenser, where cooling pipes 
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turn it mto water. In the process, the pressure is lowered 
to less than atmospheric pressure. The water (called 
condensate) formed in the condenser, is pumped tlirough 
a heater and partially preheated. By this Ume, the water 
is called feed water because it is used to "feed" the steam 
generators; before entering the steam generators, how- 
ever, it is pumped through another heater* The preheating 
improves the efficiency of the plant. Several heaters 
usually are used, but, for simplicity, only two are shown 
here. 

To pump the water from tlie condenser tlirough the 
heaters and into the steam generators, its pressure must 
be raised from less than 14.7 psi (atmospheric pressure 
at sea level) to about 800 psi. More tiinn one pump is 
needed for this, and vwo are shown here. The pipe leaving 
the last feed-water heater branches into parallel pipes so 
that feed water is supplied to the stekm generator in each 
parallel reactor loop. 

Thus, we can make a general statement tliat tlie parallel 
loops of the nuclear steam-supply system furnish steam 
to a single-loop, power-generating system, although there 
are exceptions to this design in industry. 

Considering the primary, or reactor, coolant system 
again, note that each loop has its own pipes from tlie re- 
actor, but that usually only one pressurizer and one water 
purification system are provided. The pressurizer, as its 
name indicates, keeps the reactor system at the proper 
pressure. The purification system continuously removes 
impurities from the water. 

Keep the flow paths in Figure 8 in mind as we turn now 
to some individual components of a nuclear power plant. 



The Reactor Vessel 

The reactor is the furnace of tlie plant — the concentrated 
source of the tremendous amount of heat that is con- 
verted to electric power. Figure 9 shows a vertical cross- 
section through a reactor pressure vessel and the ar- 
rangement of basic reactor components. The steel vessel, 
its walls around a foot thick, is designed to contain water 
at an operating pressure of 2250 psi, with inlet and outlet 
temperatures of about SSO'^F and GOO'^F, respectively* 
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The vessel weighs about 1 million pounds empty, and more 
than half again as much when full of water and with the 
core installed. 

The vessel, about 40 feet high with an outside diameter 
of 16 feet, has the function of enclosing the reactor core. 



Pressure 
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Figure 9 Vertical cross 
sect io n view of a 
[yressurized" water re- 
actor vessel. 
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which is composed of fuel elements and control rods. The 
cool- water connections of some vessels are at the same 
level as the hot-water connections; this arrangement is a 
design variation on the typical vc?sel shown here. Internal 
baffles direct the cool water to tlie bottom of the vessel so 
that it can then flow up through the reactor core. 

When the reactor is not operating, the top, or head, may 
be removed for access to the core. Figure 9 shows Iiow the 
head is bolted to the main part of the vessel, and Figure 10 
shows a head being installed. The photograph shows the 
holes for the bolts, the drive shafts for the control rods, 
and, at the top of the vessel head, the control- rod drive 
mechanisms. 



The Core 

The heart of our nuclear power plant is the nuclear 
fuel — a ceramic material called uranium dioxide (UO2). 
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Figure 10 rtfc*«c/o)' vessel 
head being installed at « 
nuclear pou er plant. 



The VOi is enclosed in sealed tubes a little less than a 
half inch in diameter and about 12 feet long. These tubes 
are made of Zircaloy, which is an alloy of the metal 
zirconium. About 200 of these tubes are arranged in a 
square pattern to form a fuel assembly (see Figure U). 
The tubes in each assembly are close togeUier but do not 
touch. They are held apart by egg-crate-like spacer grids 
so that the cooling water can flow along them and remove 

their heat. . o ■ 

Each fuel assembly in our reactor example is 8 inches 
square by 12 feet long and weighs 1300 pounds (UOi is 
almost as heavy as lead). Our reactor core contains about 
200 fuel assemblies, and there are passages for control 
rods in the assemblies. The core is nearly 12 feet across, 
and the square assemblies are arranged so that from the 
top the core looks circular. 

The heat-generation rate of the core is determined by 
movable control rod assemblies, which can be moved up or 
down so that they leave or enter the region of the nuclear 
fuel. The rods contain material that acts as a brake'-on the 
chain reaction; that is, when a rod is in the core it absorbs 
neutrons and prevents them from causing fissions. By 
moving the rod assemblies— there may be as many as 90 
of them — in or out of the core, the heat-generation rate 
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can be decreased or increased so that the plant produces 
the desired amount of electric power. 

The Primary Coolant System 

The primary coolant system consists of stainless steel 
piping and other components that contain the cooling water. 
Reniember that large reactors use several primary coolant 
loops tliat operate in parallel. A lot of water flows through 
the reactor — around 2 million pounds (330,000 gallons) per 
minute — equivalent to the flow l.Om over 100,000 garden 
hoses. (Reactor temperature and pressure cause the water 
to weigh approximately 6 pounds per g.alon.) Each loop 
carries a portion of the total flow, and each has a steam 
generator and a pump. Some reactors have two pipes and 
two pumps between the outlet of each steam generator and 
the inlet to the reactor vessel. 

The steam generators are 10 or 15 feet in diameter, 
about 60 feet high, and weigh, roughly Iialf a million pounds. 
Water flowing through tubes inside heats the surrounding 
feed water, producing steam with a pressure of 800 psi and 
a temperature of 520"* F. The steam generators deliver 
around 10 million pounds million cubic feet) of steam 
per hour to the turbine. 

A primary coolant pump, driven by an electric motor 
rated at several thousand horsepower, raises the coolant 
pressure about 100 psi for another trip through the reac- 
tor, piping, and steam generator. 

In an actual installation, tlie primary coolant loops are 
arranged around the reactor as in Figure 13, which shows 
the **nuclear" pieces in a nuclear power plant. The rest of 
the installation is identical with any other generating sta- 
tion and we needn't discuss its details^ 

The Overall Plant 

Our plant's central control room, witli appropriate 
instruments, switches, indicators, and controllers for the 
nuclear steam-supply system and the power-generating 
system, looks about like the control room in any large 
industrial plant, except for some instruments that indicate 
or record conditions in the reactor. This reactor instru- 
mentation replaces the boiler instrumentation of a con- 



ventional power plant. Control-room personnel who operate 
the plant are highly qualified, having received extensive 
training and having passed comprehensive examinations to 
obtain the required licenses. 

When you see an exterior view of a nuclear plant, you 
may wonder which pieces go in which building. Figure 15 
shows the location of components in a pressurized- water 
plant, with "nuclear" components inside a leaktight steel 
or concrete containment building (the vertical cylinder with 
a dome top in the figure). A containment building actually 
can have any one of several different shapes, and in some 
plants no containment feature may be visible at all. In the 
newer plants that use boiling- water reactors, for example, 
containment is provided, but it doesn't show. 

The power-generating components are housed in a typi- 
cal industrial structure called a turbine building. One more 
conventional structure is the plant "ventilation stack". In 

Figure 13 Cutauay licu of a nuclear btca??t'supfily system based on 
a pressurized' water reactor, biote size of man entering door at 
right. 
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THE COST OF NUCLEAR POWER 

Beginning about 1965, nuclear power plants became 
economically competitive with conventional stean. power 

Sle worw/"'"' °' '''' °f 

A uUlity company spends money on two principal items 
in order to generate electricity for its customers. The 
first IS the power plant itself, and the second is the fuel 
tha the plant consumes. At present, it costs more to 

^Hnt %H " *° ^""^ ^ conventional 

plant. This however, is only half the story because the 
fue costs for the nuclear plant are lower. Consequently 
m locations where fossil-fuel costs are fairly high (<ren- 
erally areas some distance from coal mines or -as^and 
oil fields), a utility may save money by "going nuclear" 
when It expands. Companies buying nuclear power plants 
today can expect their investment to be divided as shown 
m Figure 16. 

The competiti.-e position that nuclear power holds today 
has been attai:..,d in a remarkably short time. Only ten 
years ago, it was very expensive to obtain usable electric 
power from atomic energy. The rapid change in the eco- 
nomic position of this important energy resource is a 
result of the combined efforts of government and industry 
In order to speed the development of nuclear technology' 
and thus assure Uiat U,e energy resources of our countTy 
can be used to meet our power requirements, the U S 
Atomic Energy Commission (AEC) for many years has 
sponsored research work and supported projects aimed at 
demonstrating the performance and costs of different types 
of nuclear power plants. 
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Probably the most significant program began in 1955, 
when the AEC announced the Power Reactor Demonstration 
Program, under which it invited utilities and the manu- 
facturing industry to participate in nuclear power plant 



Figure 16 Wkare the money goes in a nuclear pouer plant. 

demonstration projects. The terms of the program differ 
from project to project but are based on a sharing of costs 
by the AEC and the participating organizations. As a result 
of the program, more than 15 projects have been under- 
taken. The experience gained in designing, constructing 
and operating plants under the Power Reactor Demonstra- 
tion Program has played an important part in the develop- 
ment of today's commercial nuclear power plants. 

Many factors affect the cost of a nuclear power plant and 
the electric power it produces. For example, the size of 
the plant has an nifluenceon the cost per unit of electricity: 
the larger the plant, the cheaper tlie power. Wages and ma- 
teruUs costs differ substantially from region to region, as 
do tcLxes, the prices of land, and otiier items. An important 
factor IS the length of time required to build the plant, for 
during the construction period costs escalate. Let's talk 
about escalation for a moment, assuming that tlie year is 
1973. The typical nuclear plant described in the preceding 
section would cost about ?400 per kilowatt of capacity to 
build, /./ tlie owner paid cash for the plant and it were pos- 
sible to erect it overnight. That isn't the way things go, 
however, for utilities finance their plants and around eight 




years elapse between the time a nuclear plant is ordered 
and the time it i^oes into operation. The time is required 
for obtainin[4 necessary permits and licenses, for actual 
construction, and for pre-operational testing. During those 
eight years, wages of workers increase, prices of equip- 
ment go up, and the utility pays interest, on the money it has 
borrowed to build the plant. The effect of these factors is 
an increase in cost, which is called escalation. 

Significant escalation occurs with all long-term projects 
such as conventional power plants, chemical plants, or 
similar industri.il installations. In our example, the nuclear 
plant ordered in 1973 will go into operation around 1981 and 
will have cost $500 per kilowatt to build; the total power- 
generating cost in the 1980's will be sligniiy less than two 
cents per kilowatt-hour. Plants now in operation were built 
in less expensive times and produce cheaper power; the 
costs are roug.ily half those given above for future plants. 






PLANTS IN THE UNITED STATES 

The first full-scale nuclear power plant in the United 
States began operating in December 1967, at Shippingport, 
Pennsylvania. Since then, numerous other nuclear plants 
have joined in providing electric power from the peaceful 
atom. This section is devoted to descriptions of some of 
these plants. 

Note that the plants shown in the photographs use differ- 
ent kinds of reactors and that their power outputs differ by 
substantial amounts. This is because some of the plants 
were built as demonstration units to determine relative 
advantages of one reactor type compared with another, and 
were built to the size requirements of a particular power 
company or system. 

The extent of the nuclear power program is indicated by 
the fact that plants are located or planned for construction 
in the following states: Alabama, Arkansas, California, 
Colorado, Connecticut, Florida, Georgia, Illinois, Indiana, 
Iowa, Maine, Maryland, Massachusetts, Michigan, Minne- 
sota, Nebraska, New Hampshire, New Jersey, New York, 
North Carolina, Pennsylvania, South Carolina, Tennessee, 
Vermont, Virginia, and Wisconsin. In addition, U. S. manu- 
facturers have sold reactor plants in several foreign 
countries. 

A rather special kind of nuclear power plant, the Han- 
ford '"N" Reactor (sometimes called the New Production 
Reactor), is at Hanford, Washington, about 150 miles 
southeast of Seattle. The reactor is owned and operated 
by the AEC and produces special nuclear material for 
government stockpile purposes; its original design, how- 



ever, provided for the recovery of the waste heat. The 
Washington Public Power Supply System later received 
approval to build a nearby steam power plant in which the 
hot water from the reactor is used to generate steam. The 
plant has a generating capacity of 790,000 kilowatts of 
electric power, equivalent to that of two Bonneville Dams. 
This plant began serving the Pacific Northwest in April 
1966. 



Figure 17 bUIPPLXG PORT Atomic Pouct Slalion, Located at Slii/)- 
pin^poit, Pcnubylianta, about nulcb nort/iuvi>t ot Pittsburgh, 
P>Ci>i>unzcil'Uatci tcactor, 'W,000-fivt-cicctncal-kilouatt c«/^«c- 
tty, ilci>igncil by Bctttb Atomic Poua Laboratory oj Wcbtinghousc 
hltctric tot Iwration, Stattcd comnu rcial opaation in P)57. began 
o pe tat ton at p}vi>ent poner in I Db 3, Jointly on ned hy A EC and Da - 
(jucbne Light Co)/ipan^\. Operated by Duque^ne Light Company, 
Sh I ppi ng pot t nab the Jni>t la / ge n uc I ea / pou e > elec t ric g en etati ng 
plant in the U. 6. The teactor i6 in the large building in the center. 




Figure 18 l)nESI)lu\' iVnclcar Poucr 
Slulion. Unit f/. Located at Moryis, 
Illinois . about 50 niilcs s o u t h iv c s t 
oj Ch icago. Uoiling-iiater reactor, 
200,000-net^eleetyical^kiloHatt ca /yac^ 
1 1 y , (I es igned by Gen e ra I El ec trie Com^ 
lHiny» Started conunerciid o/)e ration in 
J96<K Owned and ol>craled by Conunon^ 
wealth Edison Coffi/nmy, Dresden Unit 
«J Has the second large nuclear (wivcr 
plant to be built in the U. S. Dresden 
Unit ^2 and Unit ^3 adjoin Unit f^L (See 
J rontispiecej 





Figure 19 i'/lAVv/i/i Sucleur Power Sla- 
lion. Located at Howe, Mossachuselin, 
a bold 13 jjiilea east oj Albany, Meiv 
York. P }' e s s u )' t z e d - iv a I e )' read or, 
1 73^(UH)^nel ^eleciricul-kUon all ca/iac- 
il}\ designed by Weslin^house Eleclric 
Corlmrahon, Slarlcd commercial op- 
eruhau in IVGl, Oiined and operaled by 
Yankee Alowie E I e cl r i c Co))ipany. 
Yankee u as Ihe Ihtrd large nuclear power 
planl lo be biall in Ihe i\ 5. 




Figure 20 LWUX PO/.VT Station of 
Consolidated Edison Company of Xew 
Voyk, Located on the Hudson River, 
about 35 miles north oj AV/c York City. 
The Jirst laiit oJ the station, located in 
front of the stack in the illustration, has 
a capacity of 265,000 kilowatts and was 
the fourth large nuclear power plant to 
be built in the United States. It uses a 
pressurized-uater reactor, as do the 
other two units of the complex. Total 
projected capacity, with all three units 
operating, /.s- more than two million 
kilowatts. 





Figure 21 ICXRICO I-lUiMI Atomic Poucy 
Pldfti, Located at iM^oono Ih'ocli on 
Lohc h , tu*in- Monroe, MicUi^iioi , oboid 
*U »uics soulhui\si oj Drivoit. lUwuler 
reoclor, cooled nilli I iq u id aodiuni, 
i)ii,^uHi^nci'cU'clric(ih'kiloii(iH co/tacily, 
designed by Atomic I^oucr l)crcloln)u*Ht 
Assoctotcs, Inc. Started /toner o/>era~ 
tioii in I*fhj, Jointly ouncd and o/fcrated 
hv Detroit Hdi^on Coni/tany and Pouer 
Hedctor Deieloimicnt CoDijHiny, linrieo 
Fermi was the uorld's Jirat iar^c 
breeder nuclear [um er /dant. 




Rgure 22 O Y S T E li C li E E K Xuclea r 
Poucr Plant, Unit il. This 313,000^ 
kiloicatt (Hunt oj Jersey Central Powers 
Light Company is at Toms River, Xciv 
Jersey, BoHing-ivater reactor, designed 
by the General Electric Company. Some 
of the canals and equipment which pro- 
vide cooling ivater for the condenser 
can be seen in the photograph. 





Figure 23 />/^^lC// BOTTOM Atomic 
Power Slaiion Unit pJ. Located on the 
S(iueiuintui Hirer near Peach Bottom^ 
Petitisylra/iia, about 03 nules sonthnest 
oj Philadel/fhia . Ilel in - cooled react o ;% 
'lo,im)-fiet-electrical-ki[onatt ca/tacity, 
designed by Ctdj General Atomic. Started 
commercial otwralion in li)i}7. O/)^ 
eraled by Philadel/)hia Electric Com- 
l>any. Peach Bottom is a demonstration 
reactor jeatnnng high tem/feratnres and 
a gaseous coolant. L'nits '^2 and f*3 are 
located at the same site. 
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Figure 24 BUOWXS FliHUY Sucleuf 
Potvo' Plant under con si rue' on, Thts 
vien shons luo oj Ihc Ihrci* h oiling - 
miler renclors. Total j^ane ruling cv//«/c- 
/7.V, (ill units opc rut ing , orer l It ree nt ill ion 
k ilou at is . Local al aboul lont ties a art h - 
west of Decatur, Alabama, the ISronnS 
Ferry station is part oJ the Tennessee 
Valley Authority systent. 



Figure 25 CON N ECTICU T YANKEE 
Atomic Pon e )' Plant, Located at lladdam 
Neck on the east bunk of the Connecticut 
Hive}\ about 20 miles southeast of 
I la rlj o rd. Press u riz ed-wale r reacto r, 
462,000'kiloii'att capacity, d*.' signed by 
Weslinghouse Electric Corfwration. Op- 
era/ ion of the plant, owned by Connecticut 
Yankee Atomic Power Company, began 
in 1 96 7. 



Figure 26 11 CM BO LOT BAY Pouci' 
Plant. Located on Humboldt Bay near 
Eureka, California, about 200 ' miles 
north oj San Francisco, Boiling-uater 
reactor, OiS,50<)-net-electrical-kilouatt 
capacity, designed by General Electric 
Company. Started commercial operation 
in lift) 3, Owned and operated by Pacific 
Gas and Electric Company, The picture 
shows the reactor building on the right; 
to the left arc two oil-fired generating 
units. 





Figure 27 noiiEliT HM M ETT GISSA 
Sticlcay Policy PUint. t Mailed on the 
south .shore oj ImUc Ontario, about L> 
miti\s (Wt of tiochestcr. Xcu York. 
t^rcssnriZi'it'ivatcr reactor, net etee- 
trieat ea/mcity rjnjwn kiloivatts, <te- 
sif^ne(t hy West in^house titeetrie Cor/fo- 
ration. 't'lie Ginna [ftant mis Jornierty 
knoun as tU'ooknood and is owned by 
tiocheater Ga.s and t-Jeet ri e Cor/w rat ion . 



Figure 28 BIG HOCK POLVT i\U(clear 
PlanL Located on Lake Michigan at 
Big Rock Point near Charlevoix, Michi- 
gan, about 200 mitvs northwest of 
Detroit. Boiling-uater reactor, 70,400- 
net-elect rical-kilouatt capac it de- 
signed by General Electric Company. 
Started commercial operation in 1963. 
Otvned and operated by Consumers 
Power Company. 
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Figure 29 6VLV ONOFliE Nuclear Gen- 
craLing Station, Located on the Pacific 
Ocean near San Cieniente, Calijomia. 
Pyessurized-waler yea dor, -130,000- 
Idloivatt capacity, commenced o/tenUion 
in 1967. Owned jointly by So at hern Cali- 
jornia Edison Company and San Diego 
Gas & Electric Comtniny. 



Figure 30 PALISADES Nudcar Poiver 
Station. Located at SoiUli Ihiven, Michi- 
gan, about 35 miics wcift oj Kaiannizoo. 
Pressurized "Water reactor, net cai/acity 
TOO, 000 kil o icat t s . des igned by Com bas- 
tion Engineering, Inc. Oivned by Con- 
sutners Poiver Com l)an y , whose Big Rock 
Point plant is shown in Figure ^S. 




Figure 31 .V/A7i MILE POINT SUwlear 
i>i(iiio/i, Kuder cotisl ruction. U lakes 
seu ral years lime, ii lot oj nKilcrial, 
and many kinirs oj labor lo e>'ecl a 
lar^e //oa er l)lanl. In lakm^ Uus (nc- 
lare, I lie (thologralther slood uiside a 
large lnl>e llial carries cooling a ater 
jroni Lake Onlarto uilo Ihe steam con- 
denser. The liage, ligld-hidh-slia/n'd 
sleel shell m Ike foreground houses 
ihe reactor. /I vie a oj the j in i shed (dant 
is shown in Figure 32. 




Figure 32 \L\E MILE POINT Nucleay 
:>laiion. Localed on Lake Ontario near 
OsuegOy Sew York, about Jo miles 
north 01 Sy racuse . Boil itig^H ate r reac - 
tor, ooo^ouo-net-electrical-hilonatt ca- 
iuicity, designed by General Electric 
Company On nod and operated hy Niag^ 
ara Mohaivh Power Corporation, 
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DEVELOPMENTS IN FOREIGN COUNTRIES 

Many countries use nuclear energy to produce electric 
power. Some of these countries have large reactor de- 
velopment programs of their own, like the one in the 
United States, while others undertake little development, 
preferring to buy tlieir nuclear power plants from a 
country that sells them for export. Among tlie countries 
whose programs we will discuss, our neighbor to the 
north conies first. 

Canada 

With large reserves of uranium, witli a pool of scientists 
who participated in the early atomic energy work, and with 
inconveniently located fossiUfuel resources, Canada is **a 
natural" for the utilization of nuclear energy. The Cana- 
dians, in fact, for years have had a vigorous nudear de- 
velopment program, oriented strongly towaixi heavy -water 
reactors. 

In 1962, the Nuclear Power Demonstration (NPD) Station 
at Rolphton, Ontario, became Canada's first operaUng 




nucleax- power plant and the first in the world to use a 
heavy-water reactor. The station, with a power output of 
22,500 kilowatts, was designed as a prototype for larger 
plants. The first full-scale nuclear electric generating 
plant, the Douglas Point Nuclear Power Station, has a 
capacity of 203,000 kilowatts. It was built by Atomic 
Energy of Canada, Ltd. (which corresponds to our Atomic 
Energy Commission) in partnership with the Hydro Electric 
Power Commission of Ontario. 

The dominance of the heavy-water reactor in Canadian 
efforts IS illustrated by several additional large plants in 
Canada, and by the e.xport sale of power plants of this type 
to hidia and Pakistan. 

Great Britain 

Tlie British have been in the nuclear energy business for 
a long time, and they have the nuclear power plants to 
prove it. In 1956, when the British began operating their 
first nuclear plant at Calder Hall, shown in Figure 34, tJiey 
chose a gas-cooled reactor. More than two dozen plants 
later, the English still prefer gas- cooled reactors. Many 
teclinical improvements have been incorporated in the 
newer plants. The outside appearance has changed, too, 
as can be seen by comparing a photo of a newer plant 
(Figure 35) with that of the original station. 



Great Britain offers plants for export and competes for 
contracts m other countries. British-designed gas-cooled 
'•eactors have been built in Italy and Japan. 




Figure 34 Euglafid's CAL- 
Dhli HALL Sui kin Poua 
Slalion. The tail structures 
arc cooliug towers , uhich 
are employed in locations 
where a large body of 
water is not accessible. 
These toners cool the con- 
denser cooling water no 
thai it can be used again, 
and they emit steam, not 
smoke. Four reactors suf)- 
f}ly steam to two turbines. 
Total capacity of the sia^ 
tion ii> 198,000 electrical 
kilowatts. 
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Figure 35 The OLDB C R Y 
Suclear Pott cr station u ent 
into oiw ration tn Great 
Britain m IVoT, Generating 
capacity oj the ttto plants 
at the atation is 000,000 
electrical hilouatts. 



Figure 36 The DUCSHEA Y 
Fast Reactor located in 
Scotland. 




In addition to their work on gas-cooled reactors, the 
British are investigating other systems, including steam- 
generating heavy-water and liquid-metal-cooled breeder 
reactors. The Dounreay Fast Reactor, shown in Figure 36, 
is a 12,700-kilowatt experimental plant that has been in use 
since 1959. A new, 250,000-kilowatt prototype breeder 
reactor is located at the same site. 



France 

The emphasis in the French program, as in tlie British, 
has been on gas-cooled reactors. Although the two coun- 
tries have developed nuclear plants that are very similar 
in principle and in major features, the development pro- 
grams have been independent. 

The first French plant went into operation at Marcoule 
in 1956, and since that time a new unit hac come '*on the 
line" about every 2 years with progressive improvements 
in the later designs. This should not be taken as an indica- 
tion that progress has been slow, however, for the latest 
French plants show important improvements over the early 
designs, 

^ 




The nuclear research and development work in France 
is considered to be good, and the French scientists are 
respected by their counterparts in other countries. In 
addition to contemporary gas-cooled reactors, tlie French 
^ have an active fast breeder program underway, including a 
250,000-kilowatt prototype at Marcoule. 

Japan 

The Japanese have undertaken an ambitious nuclear 
power construction program, and the supporting industries 
necessary for such a program are developing rapidly. 
Although most of the current nuclear power plants are 
based on American designs, the Japanese have been op- 
erating reactors for over a decade. 

The large nuclear plants that are becoming operational 
use boiling-water or pressurized- water reactors, but the 
Japanese are also looking well into the future as they 
develop a native capability. In addition to work on the kinds 
of reactors that are currently operating or under con- 
struction, research centers and industrial organizations 
are involved in the development of heavy- water and breeder 
reactors. 




Figure 38 Jal)an*s TSU-- 
RUGA .\^u clear Pou er 
Plant, This 322,000-kilo- 
ivatt [ylant is located near 
Kyoto. 



Figure 38 shows one of Japan's nuclear power plants, 
which uses a boiling-water reactor. 
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Soviet Union 

The Russians have been operating nuclear reactors for 
over 25 years— nearly as long as scientists in Uie United 
States have. Their earliest reactors, like ours, were de- 
signed to produce materials for nuclear weapons. The 
Soviet program on peaceful uses of atomic energy also is 
like ours. It is diversified and, in the nuclear power plant 
area, it is not concentrated strongly on any particular 
type of plant. 

A nuclear power plant called AM-1 went into operation 
near Moscow in 1954, preceding the first operation of our 
Shippingport station. We do not consider AM-1 to be a true 
nuclear power plant, however, because of its small size 
(5000 kilowatts) and experimental use. (A U. S. facility, 
the Experimental Breeder Reactor in Idaho, was producing 
electric power in 1951.) 

Russia has built several types of nuclear power plants, 
but not many of any one tyi^e. Figure 39 shows an interior 
view of one of their larger plants, a pressurized-water 
type. The level of their technology is about equal to ours 
for the kinds of plants being constructed in fairly large 
numbers here. The U.S.S.R. is also pushing ahead with a 
large breeder-reactor construction program. 
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Figure 39 The rcdctor ini in 
the SOVOVOHONEZIl A'k- 
clcur Pouey Station located 
on the Don Uivey in the 
Soviet Union, The doihe at 
the bottom Is a cove)' Jor 
the reactor vessel. This 
{)lant produces J 96,000 
kilowatts; a second, larger 
1)1 ant IS at the same site. 




West Germany 

A vigorous development program promises to place West 
Germany among the foremost builders of nuclear power 
plants. Since their 15,000-kilowatt Kahl station began power 
operation in 1961, the Germans have proceeded with re- 
se..trch and construction plans encompassing a variety of 
nuclear phmts and facilities. 

Some of the German plants are experimental in nature 
and serve as steps in a large, breeder-reactor program, 
but others have been built to furnisli electric power to meet 
today's requirements. One such plant is shown in Figure 40, 
while Figure 41 shows the reactor vessel of another. 
Although the two photos illustrate boiling- water reactors, 
other German plants use pressurized* water, heavy-water, 
and gas-cooled reactors. 

Tne German program is not limited to the development 
and construction of nucle^ir power plants for domestic use 
only. German industry is active in the competition for 
contracts to build plants in other countries, and a 317,000- 
kilQwatt heavy-water reactor was sold to Argentina in 1968. 
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Figure 40 ll t-^-/ Ccr- 
niwn s (Jl XUKlCMMlXaiiX 
Xuclcar I'uu cr SUUion, 
This l*3rjinn^Iaiou all plant 
u as Gcriuatn \ nrsUay^^c 
scale fi ft char /toitcr .s7r/- 
li<ffi U uses a hoihn*»^ualcy 
read or and has hccn tn 
o/*ei'(itian stncr hfho. 



Figure 41 The interioy of 
the raacloy icsscl oj Ihc 
I J S'GliS V // c I e a v Pan er 
Station m West Germany. 
The inside diatueler oj lite 
vessel IS about /:,'//. Thts 
boihn^'Ualer reactor has 
been tn up e rat t o n s in ce 
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Other Countries 

Practically every country has a govermneiit agency and 
research centers devoted to nuclear energy. Even some of 
the nations that are small in size have substantial pro- 
grams under way and have actually built a nuclear power 
plant or two. others have preferred— at least at first-to 
l)uy then- plants from another country. In addition to the 
countries mentioned in the preceding paragraphs, the fol- 
lowing have built or bought nucl.ear power plants: Bel-nuni 
Chechoslovakia, East Germany, the Netherlands, Spain' 
Sweden, Switzerland, and, reportedly, Bulgaria and Hungary' 
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THE LAST WORD 

In the near future, a substantial amount of electric 
power may come from a kind of nuclear plant tliat we have 
not mentioned yet. This is called ar///r//-/;//r/;o.sc plant be- 
cause It has two products: Electricity and fresh water. 
The reactor in a dual-purpose plant serves the usual 
purpose — it produces heat. However, it produces enough 
heat to make more steam than the power-generating sec- 
tion of the plant needs. The extra steam is used in a 
desalting plant, or process, that makes fresh water from 
salt water. Thus, the dual-puri)Ose plant is much like a 
regular nuclear power plant except that it has an extra 
section — and a big one, at that — which produces large 
amounts of fresh water.* 

We have discussed some aspects of nuclear power plants, 
how reactors work, and why atomic energy is important in 
meeting the demand for electric power today and in the 
futm^e. For tliose who want more information, the following 
pages give lists of suggested books, reports, articles, and 
motion pictures. 



^Set" Siaian LnL>^%Jo} Dcsalluig, d companion booklet in this 
scries- 



SUGGESTED REFERENCES 



Books 

.\'ucUa> Pouif lHanti>: lK:>t^n, OIjl ruling E,\(}trtefice, and hco^ 
nonius. Robert L. Loftness, I). \'an Kostrand Company, Inc., 
!>rinceton. New Jersey 085-11, 1964, 548 pp., $12,50. 

^o-trttbuok on Atothic Lncr^}, (third edition), S^tmuel Glasstone, 
n. Van Nostrand Company, Inc., Princeton, New Jersey 08541, 
1967, 583 pp., $9.25. 

Dui^ctoyy ofSucUm Reactors, Volume I\* — Poiitt Ue(icloi:>, In- 
ternationa! Atomic Lnerg> Agency, National .Agency for Interna- 
tiona! Publications, Inc.. 317 Last 34t!i Street, New York lOOlC, 
1962, 324 !)p., $5.0U.»- 

Din dory oj SucUiir IiL.uttof:>, Volume VII — Poncr Re(ictor:>, In- 
ternationa! Atomic tnerg} Agency, National .\genc> for Interna- 
tiona! Publications, !iic., 317 Last 3Uh Street, New York 10016, 
196^. 341 !)p., $9.00. 

Fact liool: on C. 6. SutUat Poucr Projctt^, revised i)eriodica!!y, 
L'lectric Companies Public Information Program, 230 Park 
Avenue, New York 10017, price varies with each edition. 

Reports 

Xutlcar I{catlor:> ISutll, Being Buill, or PUoincd in the United 
blalcb (TID-S200), revised semiannua!I\ , I. S. Atomic Lnergy 
Commission, Clearinghouse for Tedera! bcientific and I'echnical 
information. 52^3 [*ort Uo>a! Road, Sijringfield, \'irginia 22151, 

The following rc!>orts are available from the Superintendent of 
Documents, C. S. Government I^rinting Office, Washington, I). C. 
20.102: 

Major Avlititiv:> in the Atomic linergy ProgyaiH:>t -January^ 

December, issued annually, C. S. Atomic Lnergy Commission, 

about 400 pp., $1.75, 
TJu SmUiii Indii^tiy, revised annually. Division of Industrial !\tr- 

ticipation, I'. S. .\tomic Lnergy Conimission, lirice varies with 

each issue. 

Fo>cea:>t oj douth oj XutUai Pouet (\V.\sn-l0b4). Division of 

O!)erations Analysis and Torecasting, U. S. Atomic Lnergy 

Conimission, December 1967, 50 pp., $0.35. 
Ciiili an Su clear Poue> TJic J 'Jo 7 Supfjl e hi en I to the J 2 Hel)o rl 

la tile Pi e:>idLnt, I*. S. Atomic Lnergy Commission, I''e])ruary 

1967. 56 i)p., $0.40, 

Articles 

Annua! Keport on Nuclear Power, hlectncal World, Ueprints ave 
$1.00 a copy from Keprint Lditor, Llectncal World, 330 West 
42nd Street, New York 10036. 
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The Arrival of Nuclear Power, John h\ Hogerton, Scientific 

American, 21^: 21 (February 1968). 
Numerous articles on nuclear j^ouer plants appear in the regular 

monthh issues of the following periodicals: Pouct , Elvclncai 

W'orld. Pouer Kn^tnccnn^, Shtclcar Scui>, and Siiclcar Engi- 

n cc vi 'tg l/Ue) '/itit ion ul . 

Motion Pictures 

\vailable for loan without charge from the AEC Headquarters 
Film Library, Division of Public Information, U. JS. Atomic Lnergy 
Commission, Washington, D. C. 205-15 and from other ALC film 
libraries. 

AtofHic Pouer Today, Service nith Sujcfy, 2SV2 minutes, color, 
19G6. Produced for the Atomic Industrial Furum, Inc. This film 
tells the stor> of central station nuclear puwer plants and how 
they serve the country now and will continue to do so in the 
future. Starting with basic information on how electricity is 
produced from water power and fossil fuels, the film introduces 
nuclear fuel as a new energy resource that helps keep down the 
cost of electricity. Nuclear fuel is shown being fabricated, and 
its use in a reactor is illustrated through animation. The film 
shows the components and construction uf a nuclear jxjwer plant, 
and deals with the safety of the plant. The film concludes by 
showing several of the nuclear iX)wer plants across the 
country, which serve our needs for electric power. 

Tomorrou^ Pouer — Today, o\o minutes, color, 1964. Produced 
for the AKC by the Argonne National Lalx)ratory. This film 
explains why energ> from the atom is needed to supplement that 
of conventional fossil fuels. It shows how heat from nuclear 
fission is converted to electrical power and gives a brief survey 
of representative atomic ix)wer plants in the U.S. 

The Sen Pouer, 45 minutes, color, 1965. Produced for the ALC's 
Idaho Operations Office by the Lookout Mountain Air Force 
Station. This film tells how the National Reactor Testing Station 
in Idaho is furthering the ALC's quest for economic nuclear 
power. Most of the many experimental nuclear reactors located 
at the Testing Station are described. The film also explains the 
basic principles of puwer reactor construction and operation. 

Atomic Pouer Production, 14 minutes, color or black and white, 
1964, This film in the Magic of the Atom Series was produced by 
the Handel Film Corix)ration. An explanation is given uf how the 
heat created by the controlled chain reactiun of atumic fuel in a 
reactor is converted to electrical power. The basic differences 
in these power reactors are discussed: the boiling-water reac- 
tor, the pressuri^ed-water reactor, the liquid-metal-cooled 
reactor, and the organic-cooled reactor. The principle of the 
breeder reactor is explained and its importance stressed. 

Atomic Vtnlure, 2ZV2 rninutes, color, 1961. Produced by the Gen- 
eral Flectric Company. This film covers the design and develop- 
ment of a large dual -cycle boiling-water reactor — the 160,000- 
kilowatt Dresden Nuclear Power Station — built by the General 
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I'ilectnc Cuinpan> fur the Comiiionuealth Edison Company in 
Chicago anci tht' Nuclear Pouer Group, Inc, from Us begmnmg 
in 1955 to its completion in 1959. 

PoHt r wui Ft otui^i , 29 nunutes, color, 1959. Produced by the 
ALC This film describes the iihippingport Atomic Power Station 
in Pennsyhania, which was built to advance power reactor 
iechnolug\ and demonstrate the practicability of operating a 
central station nuclear power plant in a utility network. 

I hi 0(1), ToHion ou 30 minutes, color, 1967. Produced by 

Argonne National Laboratory for the ALC. This film tells the 
stoiy of the building and testing of the world's first reactor. By 
interview, historical film footage, anil paintings, the motion 
picture re-enacts the hibtoric events that led to the dramatic 
moment when the first sustained chain reaction was achieved. 
This nalestuue in man's quest for know ledge occurred under the 
stands of Stagg Field, Chicago, on December 2, 1942. 
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